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1.0 INTRODUCTION

The feature testing of the Sinel pump was one of several tests called for
by the Single-She17 Tank Feature Testing Test Plan (Thompson 1990). The
work was contracted to Beckwith and Kuffel Inc. who provided the equipment,
facilities, and personnel for the testing under contract number
MBH-SVV-072554. The actual testing occurred from August 27-31, 1990.

The objective of the feature testing program is to complement the Single-
Shell Tank Waste Retrieval Study ( Krieg, et al. 1990) in recommending
technologies for further development as part of the Hanford Federal Facility
Agreement and Consent Order, known as the Tri-Party Agreement (Ecology et al.
1989) Milestone M-06-00. The Sine pump feature test was to evaluate
"off-the-shelf" technology for waste transfer. The Sine pump is one of the
possible methods to be used to transfer chemical wastes from within the
tanks to the surface. The pump was tried on two types of sludge simulants
to evaluate its capabilities.

r.

2.0 DESCRIPTION OF TEST

r' The purpose of the feature test was to evaluate the Sine pump as a
conveying method for the single-shell tank retrieval program.

Pump Model: Sinel SPS-50
Pump Driver: direct coupled 37 BHP DC variable speed electric motor

! Maximum Pressure: 150 psig
Maximum Temperature: 230 F

• Maximum Flow Rate: 300 gpm

The Sine pump consists of a sinusoidal rotor, scrapergate, liner, and
pump housing ( see Figure 1). The rotor is a sinusoidal "impeller" in which
two complete sine curves create four separate, symmetrical pumping
compartments. As the rotor turns in the pump housing, the compartments
travel through the liners, which provide a positive displacement of liquid
from the suction to discharge port. The sliding scraper gate prevents the
product from going past the discharge, back to the suction side of the pump.
The high points of the sine curve are always in contact or are near the
liners and scraper gate. The liners ( front and back) surround the rotor
inside the pump housing, except at the discharge and suction ports.

The Sine pump components are divided into two types. The first is the
hardware components which are the pump housing, pump cover, pump rotor, pump
shaft and pump bearings. The hardware components are designed to last the

1. Sine is a Trademark of Sine Pump, Orange, Massachusetts
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life or nearly the life of the pump. The other type is the software
components which include the scrapergate, scrapergate support housing, shaft
seal, inner liner, and the outer liner. The software components are designed
to wear out, are easily replaced, and protect the hardware components from
damage.

3.0 TEST METHOD AND TEST EQUIPMENT

The testing used two different simulants for the Sine pump feature
test. The two simulants should cover the range of the dislodged chemical
wastes. The thick simulant (A) is comparable to peanut butter while the
thin simulant (B) is comparable to the typical sun tan lotion. The simulants
have the following properties:

L^
BULK DENSITY (g/ml) VISCOSITY (cp)

Simulant A 1.6 1,700,000

, Simulant B 1.3 40

Cu

The simulant was loaded into the test loop hopper (see Figure 2). The
'-" simulant was then pumped in a recirculating fashion until the desired test

parameters were obtained. The testing was divided into two sections: the
r first was the RPM testing and the second was the suction head testing.

^i The first test, RPM testing, varied the RPM in 50 RPM intervals and
recorded motor voltage, motor amperage, line pressure (which if possible
was fixed at 125 psig), temperature of the simulant, duration of simulant
transfer, and quantity of simulant transferred.

The second test, suction head testing, fixed the RPM of the pump and
the line pressure (125 psig) and varied the suction control valve from 0 psig
to -10 psig in 2 psig steps. The data recorded during the test were the
same as the RPM test but the suction pressure reading was also recorded.

During all the testing the pump components that were defined by the
manufacturer as expendable were monitored and measured. The worn components
were replaced to attempt to maintain the pump on an acceptable performance
level.

A list of all instruments and equipment used is in the Appendix,
Section 2.

5
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4.0 TEST RESULTS

The test results of the RPM test for both simulants shows that the pump

is capable of meeting the required pressure and flow rates ( see Figures 3
and 4). The variation between data runs shows that the condition of the
software components have a significant impact on the performance.

Simulant B, when ran at low RPMs with no line pressure, approaches the

vendor supplied performance curve for the pump ( see Figure 4). The curve is
based on no line pressure using water as a fluid ( see the Appendix,
Section 2).

The suction head test result for A and B simulants shows good consistency
but the condition of the software affects the GPM pumped ( see Figures 5
and 6). This test proves that the pump has the capabilities to pull high
viscosity and a high percentage of solid materials into the pump.

^••.
The A simulant acted more like a lubricant and did not cause significant

c, wear on the pump components. The software components showed wear in the

range of .006 in. per run.

The B simulant acted like an abrasive. The solids tried to imbed
themselves into the software component and turned the smooth sliding surfaces
into sandpaper which caused wear to all the pump components. The software
components showed wear in the range of .2 in. per run. Simulant B was run
first in the testing program and the wear to the pump impacted the results

.. of the a simulant A tests.

The Appendix contains the testing data compiled by Beckwith and Kuffel
for the feature test of the Sine pump.

The Sine pump operated significantly better when pumping simulant A than

- simulant B.

f;•

5.0 CONCLUSIONS AND RECOMMENDATIONS

The Sine pump can produce desired flow rates, suction, and discharge
pressures. The pump can pump material that most positive displacement pumps
consider non-pumpable. The pump's major drawback is that the software
components showed rapid wear and are made from elastomers. These parts will
require some development work to come up with materials that will work in
the retrieval environment and significantly increase the part life. If
this can be done then the Sine pump should be considered if the single-shell
tank retrieval program requires a positive displacement pump.

7
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6.0 DISPOSITION OF TEST ITEM

The test loop, pump, motor and instruments belong to Beckwith and
Kuffel.
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OPINION

In view of the fact that the SINE Pump was never designed for use in any
application other than those found within the food industry, with no known
food products having the specific properties of the test simulant, it is
my opinion that the software held up very well during the,testing process.
With a change of fabric the software life could be greatly extended.

Aside from wear, the major problem encountered was that of feeding. After
several fillings of the hopper with type A simulant sludge residue builds
up on the interior wall of the hopper impeding flow of the product into
the pump.

If time spent on the coupling alignment, electrical problems and suction
feed problems is discounted it is believed that the test could have been
performed over the course of three 8-hour days.

r-;

If we were to run the test again we would replace the suction butterfly
valve with a knife-type valve; develop a better method for moving the

^r. test product from barrel to hopper and relocate the test stand so as to
facilitate internal inspection and cleaning of the pump.

Finally, it is my opinion that this type of testing should be run on a
4 "cost plus" basis as there are so many unknown variables affecting the

man hours necessary to complete the testing. We discovered that material
costing was in line with industry standards, but our labor costs exceeded

_ our budget by 55%.

{x ;; I would ke to state that I enjoyed this project and look forward to
wor ng wit you in the future.

u

Respectful submitted, /^
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September 7, 1990

Mr. J.H. Bourgeault
Westinghouse Hanford Company

P.O. Box 1970, G1-59
Richland, WA 99352

RE: SINE Pump Test Project/Purchase Order MBH-SVV-072554/Job No. 20-0431

Dear Mr. Bourgeault:

The following report comprises statistical data and obversations taken during

the test at Beckwith & Kuffel (B&K), 5930 1st Avenue South, Seattle,
Washington 98108, of the SINE Pump, Model SPS-50, pumping two (2) types of

L? sludge (waste simulant) developed and provided by Westinghouse Hanford
Company (WHC); the properties of which are shown in Attachment "A" hereto.

Specifications for the SINE Pump, Model SPS-50 are shown in Attachment "B"

hereto.

The testing of the SPS-50 SINE Pump for WHC under WHC's Purchase Order
MBH-SVV-072554, inclusive of Modification No. 1 thereto (a copy of which

is attached hereto as Attachment "C") commenced Monday, August 27, 1990 at

approximately 10 o'clock a.m..
...

Those in attendance for this. test were:

Ken Squires, Project Engineer, WHC
Dave Ruff, Project Engineering Intern, WHC (present through 8/30/90)
Dale Wamner, Chemical Engineer, WHC (present commencing 8/28/90)
Bob Fowler, Project Supervisor, B&K

Susan Fowler, Recording Secretary for B&K
Dave Kann, Shop Personnel, B&K
Dwayne Dixon, Shop Personnel, B&K

It should be NOTED that for this test a 37 horsepower motor was substituted
for the 15 horsepower motor specified in WHC's Modified Purchase Order when

the need for same was determined during extensive consultations between
engineers for SINE Pump and B&K.

5930 1st Avenue South Seattle, Washington 98108

;c l y L ^ VT617'' .r6 0

FAX 206 767 6230
^... 1,;}.,.,-,...:....;. ... ..,,._.._r::.._.: ^^G.,^.,<'. ^,...r
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Mr. J.H. Bourgeault
September 7, 1990

Page Two (SINE Pump Test Project Report)

Value data contained in this report were obtained as follows:

Temperature readings via a Taylor Digital Thermocouple
Thermometer (probe type);

Weights via a Fairbanks-Morse 200011 Scale, certified and
tagged by Fairbanks-Morse on 8/15/90;

Motor and pump speed (RPM) via a Biddle Digital Tachometer;

^ Amperage (AMP) via a Tong Test Ammeter;

Voltage (V) via built-in volt meter on shunt field
power supply;

Brake horsepower ( BHP) via calculation utilizing the
formula AMP x V a BHP;

.746

Flow rate (GPM) via calculation utilizing the following
formulae:

See Attachment "D" hereto provided by
Dave Ruff, WIIC engineering intern;

Pressure readings (PSI) via visual inspection of in-line
° pressure gauges fabricated into test loop design;

Micrometer readings (MIC) were consistently taken by
_ Dave Kann, B&K shop personnel, utilizing N-S-K

micrometer instruments and consistently recorded by
Susan Fowler, recording secretary for this project;

Diversion time was consistently measured by Bob Fowler,
B&K project supervisor, via visual inspection of quartz
movement timepiece with second hand.

Water was successfully pumped through the test loop insuring the proper function
of the constituents of the loop. Vibration on the motor occurred at 170 PSI,
1040 RPM.

,..
l

A

20
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Mr. J.H. Bourgeault
September 7, 1990

Page Three (SINE Pump Test Project Report)

Value data obtained during the three test runs of the two-phase (suction
and RPM) testing procedure for both A and B type simulants are recorded on
Exhibits A-1, A-2, A-3, B-1, B-2 and B-3 attached hereto and will be more
fully discussed as this test report progresses.

It was decided that the sequence of testing should be type B simulant (the
lighter weight, less viscous simulant) followed by type A simulant; the
purpose therefor being to establish "red line" criteria for the SINE Pump
in the event of complete pump failure using the heavier, more viscous
type A simulant.

The SINE Pump was disassembled by Dwayne Dixon, B&K shop personnel, and
initial pump software measurements (MIC's) were taken as specified by WHC
in Section 6.3 (Inspection) of the Test Procedure Document (a copy of which
is attached hereto as Attachment "E") and recorded. These initial MIC's

C? are shown on Exhibit 4 attached hereto. The pump was then reassembled and
type B simulant was loaded into the hopper.

S`y A sample of this type B simulant was taken, isolated and labeled by Ken Squires,
WHC project engineer, and a simulant temperature reading of 70° F. was recorded.

,r-
The pump was then started and attempts were made to bring the RPM's to 600
at 125 PSI with the diverter valve closed, all in accordance with Section 5.2
(Procedure) of the Test Procedure Document ( see Attachment "E"). While the

"•"' simulant was successfully pumped through the test loop, severe motor vibration
and deafening noise occurred at 580 RPM's.

Op, It was theorized that a problem existed within the front motor bearing (next
to the motor/pump coupling) and the system was shut down for inspection.
This inspection showed a .012" misalignment in the motor/pump coupling
(presumably caused by the severe motor vibration) and an electrician was
brought in to troubleshoot the electrical end of the system. The electrician

. discovered a failure in the full wave rectifier bridge for the shunt field
power supply. This part was replaced, the motor/pump coupling alignment was
corrected and the system reassembled. The system was then test run (without
data recordation) to determine that the electrical and alignment problems had

a been corrected.
a

•
At this time it was decided by Ken Squires, WHC project engineer, and Bob Fowler,
B&K project supervisor, that due to the late afternoon hour the testing of the
simulant should be shut down for the day and resumed the following morning.

•

s.^

21
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Mr. J.H. Bourgeault
September 7, 1990

Page Four (SINE Pump Test Project Report)

The testing on type B simulant recommenced Tuesday morning, August 28, 1990,
with the suction phase of the test. Statistical data obtained is shown on
Exhibit B-1-1. It should be NOTED that during the -6 PSI test run the
amount of simulant in the test loop was exhausted after approximately
5 seconds of diversion time so no valuable data was obtained for this run.
It should be further NOTED that at -10 PSI serious cavitation occurred.

'(. The testing proceeded with the RPM phase of the test. Statistical data
obtained is shown on Exhibit B-1-2. A shut off test was performed at the
request of Ken Squires, WHC project engineer, and a reading of 49 PSI was
achieved. It should be NOTED that testing above 500 RPM's could not be
performed due to BHP limitation.

r
After the completion of this first test run on type B simulant the pump was

,. disassembled for inspection and measurement. MIC's obtained are shown on
Exhibit 5 attached hereto. It should be NOTED that slight scoring and pitting

^• was observed on the suction and discharge surfaces of the scrapergate. It
should be further NOTED that even though a loss of .020" in the wall of the

^ scrapergate support was recorded the scrapergate support was not rotated.

The pump was reassembled with all of the original software and testing
was suspended for the day due to the late afternoon hour.

N The second test run on type B simulant conunenced on Wednesday morning,
August 29, 1990, beginning with the suction phase of the test. Statistical
data obtained is shown on Exhibit B-2-1. It should be,NOTED that serious

^ cavitation occurred once again at -10 PSI and pressure on the discharge
side fell to 0 PSI.

The second run on type B simulant proceeded with the RPM phase of the test.
Statistical data obtained is shown on Exhibit B-2-2. It should be NOTED
that at 357 RPM's with 125 PSI there was very little flow of simulant into
the catch tank and the pump becameiincreasingly,nbisier. It was decided to
stop the test and disassemble the pump for inspection and measurement. MIC's

.-r obtained are shown on Exhibit 6 attached hereto. It should be NOTED that
medium to heavy scoring and pitting was now observed on the suction and

r. discharge surfaces of the scrapergate. It should be further NOTED that
slight scoring was observed around the outside wall of the shaft sleeve
at the points of contact with the 3 lip seals. Too, it should be NOTED that
scoring was observed on the 4 points of the pump impeller though no MIC's
were taken on the impeller at this time.

i

c
c

c
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Mr. J.H. Bourgeault

September 7, 1990

Page Five (SINE Pump Test Project Report)

Due to the lengthy "down time" during this inspection and measurement phase

it was decided to suspend testing for the rest of the day and recommence

testing the following morning after replacement of the scrapergate, rotation

of the scrapergate support and replacement of the "0" ring on the shaft sleeve

that was damaged during the disassembly process. MIC's on the replacement

scrapergate and rotated scrapergate support are shown on Exhibit 7.

The third test run on type B simulant commenced Thursday morning, August 30,

1990, with the suction phase of the test. Statistical data obtained is

shown on Exhibit B-3-1. It should be NOTED that due to the reduced flow rates

obtained during this third test run of the suction phase testing on type B

simulant Bob Fowler, B&k project supervisor conferred with the engineering

department of SINE Pump and was informed that there were 3 possible problem
areas which would result in reduced flow rates: 1) the scrapergate could be
worn out; 2) there could be excessive wear on the impeller; and 3) the shaft
sleeve be scored due to abrasion causing the pump to suck air. Since scoring
on the outside wall of the shaft sleeve had been observed during the previous

disassembly and inspection it was decided to once again disassemble the pump
and replace the shaft sleeve. The scrapergate was also replaced. Too, it was
decided during this disassembly to measure the extent of wear on the 4 points
of the pump impeller. MIC's obtained on the replacement shaft sleeve, the
pump impeller and the replacement scrapergate are shown on Exhibit 8 attached

hereto. It was also decided during this assembly that the thinning of the

simulant throughout the testing process could be a causative factor in the
reduced flow rates. Consequently, a complete set of MIC's on the software
was recorded prior to filling the hopper with the last original barrel of
type B simulant--simulant of the same consistency used during the first test
run on type B simulant when highest flow rates were obtained. These MIC
readings are shown on Exhibit 9 attached hereto. A sample of the "thinned"

type B simulant was taken, isolated and labeled by Ken Squires, WHC project
engineer.

With the pump now reassembled and the hopper filled with the last original
barrel of type B simulant the RPM phase of the third test run on type B
simulant commenced. Statistical data obtained is shown on Exhibit B-3-2.
During this phase of the testing another shut off test was requested by
Ken Squires, WHC project engineer, and a reading of 92 PSI was achieved.

At the completion of the 3 test runs on type B simulant the pump was once
again disassembled for inspection and measurement. MIC's obtained are shown
on Exhibit 10 attached hereto. A final sample of type B simulant was taken,
isolated and labeled by Ken Squires, WHC project engineer.
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It should be NOTED that visual observations during this inspection showed

that the shifting of the pump liners caused light to medium scoring of the

pump casing during the testing process on type B simulant. The pump was

then reassembled.

At this time the test loop was cleaned of all type B simulant preparatory

to testing of the type A simulant.

Type A simulant was then laboriously loaded into the hopper by means of a

clean shovel--the properties of *_his tvpe A simulant rendering the simulant

non-pourable. It should be NOTED that at this first loading of the type A

y^ simulant into the hopper the interior wall of the hopper was devoid of any

simulant residue and the suction valve was wide open. These conditions

combined with the bulk weight of the simulant and the force of gravity

permitted downward flow of the simulant into the pump thus creating a

^ self-prime on the pump.

r.z
It was decided that a pre-test should be run through the test loop simply to

en determine whether the pump was capable of pumping this type A simulant.

At 102 RPM's 40 PSI was achieved with the discharge valve completely closed.

The discharge valve was then opened, the RPM's were increased to 106, 40 PSI

was achieved and an intermittent "plopping" discharge into the catch tank was

observed. Thr RPM's were increased to 150 and 40 PSI was achieved with the

discharge valve 90% closed. PSI increased to 60 when the valve was completely

^closed. At 200 RPM's 70 PSI was achieved with the valve closed.

^• At this time it was determined that the pump was capable of pumping the

;}, type A simulant and the RPM phase of the first test run on type A simulant

commenced for recordation purposes. Statistical data obtained is shown on

Exhibit A-1-2. Due to the late afternoon hour testing for the day was shut

down after the test run at 350 RPM's at 48 PSI with -2.5 suction produced a

more constant discharge flow. The remaining simulant within the test loop

was then pumped out of the system at the suggestion of Dale Wamner,

WHC chemical engineer.

The first RPM test run on type A simulant recommenced on Friday morning,

August 31, 1990, with the type A simulant again being loaded into the hopper.

It should be NOTED that at this loading of the simulant there was simulant

•_ residue from the previous test run clinging to the hopper wall (as no water

had been run through the system the previous evening so as to preclude

= contamination of the simulant which would be needed to complete the testing)

and the suction valve was closed combining to create a bridge at the suction

valve causing feed problems of the simulant into the pump. The simulant had

to be hand packed into the pump in order to effect prime on the pump.
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Once the pump was so primed the RPM phase of the first test run on type A
simulant continued with statistical data obtained also shown on Exhibit A-1-2.
It should be NOTED that no testing was done above 400 RPM's as vibration and
heavy hammering was observed at this speed.

At the completi'on of the first test run of the RPM phase on type A simulant
the pump was disassembled for iuspection and measurement of the scrapergate.
MIC readings obtained are shown on Exhibit 11 attached hereto. The scrapergate
was replaced and MIC readings obtained on the replacement scrapergate are
shown on Exhibit 12 attached hereto.

L^

The second and third test runs of the RPM phase on type A simulant were then
completed without incident excepting as NOTED previously relative to feed and
prime problems. Statistical data obtained is shown on Exhibits A-2-2 and
A-3-2, resepetively.

^
The suction phase of all 3 test runs on type A simulant then commenced.

C°' Statistical data obtained is shown on Exhibits A-1-1, A-2-1 and A-3-1,
respectively. It should be NOTED that no test runs were made at this time
with the suction set at -2 as the RPM phase of the test on type A simulant
had been run with suction set at -2.5. It should be further NOTED that no
test runs were made with the suction set at -10 as heavy hammering occurred

a on the test runs with the suction set at -8.

--- At the completion of the testing of type A simulant a sample of type A
simulant was taken, isolated and labeled by Ken Squires, WHC project

"' • engineer. The pump was then disassembled for inspection and measurement.
This final set of MIC readings is shown on Exhibit 13 hereto.

Respectfully submitted,

By \ ^__1^^^

Rob rt N. Fowler
n Beck ith S Kuffel Project Supervisor

RMF/sr
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Sm ans
bensity

( 9/mi)
(+/-15%)

Type-A 1.6

Type-B 1.3
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/ Flow Rates \
Volumetric Mass

( GPM) (lbm/min)
(+/-15Y.)

30 400

60 650

Attachment "A"
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Viscosity

(+/^15Y)
1,700,000

40

Volume
(9a1)

120
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GENTLE, YES. BUT
POWERFUL & EFFICiENT, 'I'OO.

The Sine Pump is the only positive
displacement pump utilizing the
space-age technology of the three-
dimensional sinusoidal curve. It
combines the most advantageous
benefits of both rotary lobe and pro-
gressing cavity pumps, while
eliminating the disadvantages of
both earlier designs. No other
pump can match the Sine Pump's
ability to handle viscous, shear-
sensitive or aggregate liquids while
providing powerful suction lift and
a pulse-free laminar flow.

LOWEST SHEAR: The single-rotor,
single-shaft design combines to
create a compression-free transfer
of liquid through the pumping cy-
cle, enabling the Sine Pump to han-
dle shear sensitive products with
the gentleness of the human hand.
This GENTLE WAVE motion has
resulted in unexpected benefits to
processors, such as higher butterfat
yields in dairy processing; and
elimination of unwanted air bub-
bles in shampoos and gel products.

HIGH VISCOSITY: The Sine
Pump is frequently used in applica-
tions with liquids having
viscosities over 1,000,000 cps. The
constant volumetric displacement
means that viscosity is barely felt
in the pump itself and the Iamfnar
flow often results in reduced line
pressure; hence, reduced
horsepower required.

AGGREGATE LIQUIDS: The Sine
Pump handles large, fragile par-
ticulates far better than other
pumps with equivalent displace-
ment. This means you do not have
to use a hydraulically oversized
pump to maintain the integrity of
your, product.

POWERFUL SUCTION: The Sine
Pump will pull a vacuum lift of 30
feet (9 meters) of water, and often
eliminates the need for auxflliary
feeders even when handling highly
viscous liquids.

PULSE-FREE FLOW: Zero pulsa-
tion in the Sine Pump means less
damage to your product, longer life
for the pump and adjacent equip-
ment, elimination of pressure
"spikes" in the process line, and a
smooth, meterable flow of your
product.

BEATS OTHER sanitary positive
displacement pumps: The Sine
Pump makes older rotary lobe and
progressing cavity pump designs
obsolete. It eliminates the high
shearing and pulsation of lobe and
circumferential piston pumps, and
doesn't lose performance with in-
creased viscosity as lobe pumps do.
The Sine Pump consumes far less
horsepower, application for ap-
plication, than progressing cavity
pumps do; does not require fre-
quent and expensive stator replace-
ment; and the Sine Pump's far
smaller "footprint" makes it fit
much more conveniently into most
processing lines. The Sine Pump's
Hardware/Software System design
concept makes it far easier and less
expensive to maintain than any
other sanitary positive displace-
ment pump.

THE HARDWARE/SOFTWARE
SYSTEM: The Sine Pump's unique
Hardware/Software System in-
sures (1) each pump employs the
best materials of construction for
your application; (2) you enjoy fast

D^nn^ D

and easy maintenance with inex-
pensive, easy-to-replace parts; (3)
you can easily modify your Sine
Pump for a wide variety of different
applications within your plant; and
(4) you have complete protection of
the more costly "hardware" com-
ponents - no more expensive
rebuilds resulting in mismatched
pumps; no more need to carry com-
plete spare pumps for emergencies.

APPROVALS: The Sine Pump
holds every major sanitary process-
ing approval: USDA for both meat
and poultry and for dairy, and 3A
for dairy applications. All materials
within the Sine Pump are FDA
suitable for sanitary processing.

LABORATORY: The Sine Pump
Company maintains a complete
sanitary laboratory facility and staff
for pump and applications testing.

PRODUCTION AND QUALITY
ASSURANCE: The Sine Pump is
manufactured using the most
modern CNC machining centers,
and is backed up by a 100% Quality
Assurance program.

SALES AND SERVICE NETWORKt
Sine Pump customers are assured
of the immediate attention and
local expertise of a nationwide net-
work of factory-trained represen-
tatives and stocking distributors.
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SINE PUMP OPER.4TLrIG POSITIONS:
The Sine Pump nozzles are 90 degrees to
each other. The pump housing may be
rotated in 45 degree increments.

The Sine Pump may be run in either
direction by reversing the scraper gate
and guide.

!& 19 6

PIBUINC^PLES C)F©IY'ERATIOIY

MECHANICALLY UNIQUE: The cross-sectional
diagram below illustrates how the patented Sine Pump
can move liquids without shear, slip or pulsation:
Rotor "A" is a sinusoidal "impeller" in which two
complete sine curves create four separate, symmetrical
pumping compartments. As the rotor turns in the
housing (D), these compartments travel through liners
(C), providing a positive displacement of liquid from
suction to discharge. The sliding scraper gate (B)
prevents return of product past the discharge and back
to the suction side of the pump. The high points of the
sine curve (E) are always in contact or close proximity
to the liners and scraper gate, assuring low slip
operation and a powerful suction lift. The Sine Pump's
four large pumping compartments never change in
volume, eliminating compression within the pump or
any damage to particulate. Since the suction port's
volumetric area is always the same and both sides of

D

:^ -

- ^ -' --' - _

the sine curve rotor are fed simultaneously, there is no
pulsation, no axial thrusting, and negligible effect from
viscosity within the pump.

FiARDWAYtE/SOFTWARE SYSTEM: The scraper gate,
liners, seals and 0-rings are considered "software"
items, meaning that they are available in a variety of
materials or configurations best suited to your
application. They are easily replaced without removing
the pump from the line, for maintenance or for change
of application. "Hardware" items are those parts which
are always the same, such as the rotor, shaft, housing
and cover, and bearing housing assembly. Unlike
conventional rotary pumps which become expensive
"throw-aways" as they wear, the Sine Pump's wear parts
are its least expensive components, and it can always be
returned to first class condition at reasonable cost.

The SINE PUMP consists of 4 major components:
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The siae Ptunp has found acceptance in the sanitazy

processing industries more rapidly than any other pump.

G,YVhy? As beauty is in the eye of the beholder, so are the

°advantages of the Sine Pump defined by the applications

i,..: ..:s•--.ccs: ^y:`i?'::':^,. ,. _ .

fillings and toppings, and

q..:.

C?

CY

lf,

^.•

0%

.Q d4 F̂r^^DAIB7CMEN, achreve higher butterfat yields, undamaged
,^.; curd teztute; and meterable delivery with the low-shear,

,^^:Y^,^', ^1ow sli Sine Pump.'
^`''i'^hbY^x^'^:i^'ri`'.'*'.'.i'.'^•'a`a:^n^^..

• ; . .

,;^fCONFECTIONERS find the powerful suction and
^•^'" ulsationless flow ideal for liquid sugar, chocolate,x• ^,^R

-nougat:som symp and liquid candies.
ti^^^^.,.- .. ^. r , • ., ° . -

. .a»»..: w-•::^icn..
>a. . .. . .

^: ;^w .^hypREPARED FOODS PROCESSORS rely on the Sine Pump
^^̂ a^^ to malce possible the textures of added-value "designer

7.:.-:rv` foods^1 such as chunky soups, processed meats, ethnic
^^=ra`Soods,"sauces and gravies.
- . • ^;,,rc^,•,..-L::; . - - .

..^.:r^:^ir..c^...:.- .. ... .

^}^5 CANNERS AND SEASONAL FOODS AND BEVERAGE
^^ == ' PRODUCERS use the gentle yet powerful Sine Pump to

3`^rR ;?':§olve tough problems such as tomato paste, fruit dices
?^;andslices,,juice concentrates, syrups, and jams and jellies.

' "=::'' PHARMACEUTICAL AND COSMETICS PROCESSORS
the Sine Pump ideal for sensitive protein slurries,

. viscous tablet pastes, abrasive cleansing creams and
smooth gels.7

-` ' In short, the Sine Pump will improve any process
requiring positive displacement pumps. The gentle wave

design, and its hardware/software system combine to give

} users:
• applications versatility

;^t .^ • reduced maintenance costs
• shortened downtime
• higher product yield and profits

.-'«'_.',:..^ " •'.` ^

-.. L^y .,:^ •

.^^^tY^'• :^r.f+^ •^,

^ ' _.._:^n:•?°" ^^.. . ^
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The five Sine Pump
models are designed to
complement each other to
provide a family of
capabilities without gaps
where costly oversizing
would be necessary. Each
succeedingly larger pump
is designed to pick up in
capacity where the next

^ smaller one left off.

THE SINE PUMP:
n Flows to 450 GPM.

` n Pressures to 150 psig.
n Few, simple parts.

=w n Cleans in place.
",^J',- n High power efficiency.
._^; n Temperatures to 300 :

n Excellent abrasive-
handling capability.

n Negligible slip.
n Easy maintenance.
n Self-compensating for

wear.
n Powerful suction.
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Detail, Part 20

No.iPart No.^Part No. Part

i Front Cover _2 Tapered Roller Bearings 23 Inboard Oil Seal

='Front Cover O-Ring 1 i Oi1 Vent 24 Housin Mounting Bolt

i!Pump Housing i1 ILock Nut 25 Seal Housing

':Rotor l Bearing Housing Cap Screw 26 Lipseal Support Ring

Scraper Gate l i Shaft Key 27 Shaft Sleeve

6 Scra er Gate Guide IT Shak ?S Liners

- Li Seals ?3 !Outboard Oil Seals 29 Rotor O-Rings

3 Seal Housing O-Ring 19 Bearing Housing Cap 30 Front Cover Mounting Stud

' Power Frame 20 1 Oil Reservoir i i Front Cover Nut

r;,Shim 21 Drain Plug 32 Scraper Gate Support

; Power Frame Cap Screw '_= Bearing Housing 33, Shaft Nut

0

o ®

J 25
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DIMENSIONS

I
B
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^
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^

^

Model No. A B C D E F G H I J K L M N
2 45/ 45/, 2'/ 41/ 6^/ 5/16 23/, 1 '/ 6 6"/ 143/ Inches20
50 117 110 56 114 165 8 70 25 25.4 13 152 170 365 mm's
2.5 5'/, 53/, 2'/. 6 7^/ 5/ 2.9 .84 61/ 63/< 15'/4 Iaches25
65 133 146 57 152 190 8 74 25 21 13 165 171 387 nmm's
3 61/, 7 2'/ 8'/, 10^/4 13/ 2",6 11/z 111 7"/I 87/ 82/ Inches30
75 159 178 54 210 260 10 68 38 38 17 195 225 475 mm's
3 69/,6 75/ 2'/ 8/ 1015/ 13/ 4i/ 15/ "/, 9 9"/ 19"/ Iaches35
75 167 194 59 216 278 10 103 38 41 17 229 249 503 mm's

231/ 101/ 131/, 5/ a/ 13/ "/ 10 11'/ 233/, Inches50
100 209 235 75 267 337 16 136 11 50 29 21 254 302 603 mm's

NOTE: TOLERANCE ON DIMENSIONS - t'/,s 1.5mm

34
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Rectangular suction port option for anti-bridging: The larger sizes of
Sine Pumps may be ordered with rectangular suction nozzles which
offer expanded suction area for anti-bridging action. A common
option for meat emulsions, doughs and other heavy or sticky
products, the Sine Pump's rectangular suction ports enhance the
power of gravity for smooth, continuous pump feed. Its 900 nozzle
configuration means an additional elbow is not needed, so the Sine
Pump requires less vertical space than rotary lobe pumps. Mating
hoppers are also available.

Superior jacketing for more effective heating/cooling: Rotary lobe
pump manufacturers offer cover jackets only. The Sine Pump's ,-
unique design allows for separate jackets in the cover and in the
pump housing. This second jacket lies approximate to the point
where heat transfer is most critical, the seal area. Jacketed Sine
Pumps are an ideal solution for maintaining stability in heat-
sensitive liquids.

SEAL SYSTEMS

Triple Lip Single O-Ring Inboard Single
Mechanical

T^.sT^IN^
Laboratory: The heart of Sine Pump's research
and development, product and applications
testing, is its fully computerized
laboratory which is capable of simulating
a wide variety of plant process
conditions. Customers are welcome to
join us for witnessed testing for their
specific requirements.

JAL

NOZZLES
The Sine Pump is furnished with Tri-clamp nozzle
fittings as standard. It is also available with a wide
variety of optional port configurations including ACME
bevel seat, I-line, ID$ John Peny, 1501b. ANSI flanges,
DIN and others as required.

eCF1
Quality assurance: Using the latest inspection
equipment and technology, Sine Pump's 100% quality
assurance program insures that every pump meets
material, dimensional and performance standards.

Every pump is hydraulically tested in Sine
^.^ h, Pump's laboratory prior to shipment.

^ • •
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54-9600-161(9/89)
w Westinghouse WHC-SD-ER-TRP-003 Westinghouse Hantord Company

- Hanford Company REV 0
A subsidiary of Westinghouse Etectric

PURCHASE ORDER Corporation
P.O. Box 1970 Richland. Wa. 99352

,,,^ta.r•rk. Icc. Telephune509/ 376-6273

U S GovernmentContractNo. DE-AC06-87RL10930 Tct.lRageslsvyermrere

Mo..Day,yr. Rage InauiryNa. TEisordens VenderCRde No.
pnnmyrated Certified Under O P AS. NO. 4

08 46 90 4 W-672S54 DO-E 2 Reg.(15CFR350) S8296 hlkihhSVV-072S54

IMPORTANT
ShnwOrderNo.anallR^<knges.mvnire,.andanrresenndente Cumc4te

/ C<kmgliitmuf.nfmmp^ny NChsb,Pm.nL EYluretnRrnoenyidentdywdlBECf.WITH AND KUFFEL delaynanptotsh,pmentundwymenr.

302 TORBETT STE 224
SHIPTO: t weatl

R
n houseNanlordCome+n

ee„tra ere,.,ng
RICFILAhU WA 99352 2 355SNVernDrive

[ R,aMind. We,h,ngton 99158

^ 1 I. As lndmJted bclnw,

08 D.neDehveryRegu,red.,er0.8.Pmnt Buyrr

RICHLANDr WA 09-44-90 , H BOURGEAULT G4-59
+rmanrVavment G,df Sh,RV,.,

ET 30 DAYS 10 PREPAID
ITEM OUNNrIry UM DESCRIPTION UNIlRRICE lprGkRRiCE

\^t
Cnnhrmmg OrEer d Che4ad

THE FOLLOWING ORDER ITEM AND PURCHASE ORDER
^.._ IS CHANGED AS A RESULT OF THIS PIODIFL'CATION.

ITEM NO. I IS CHANGED TO READ:
O

1 LOT TECHNICAL SERVICES SUPPORT - TESTING 46775.00 1677S.00
OF SINE PUMP IN ACCORDANCE WITH
BUYER'S STATEMENT OF WORK ATTACHPIENT
"A" REVISION DATED 8-8-90 ATTACHED
HERETO AND MADE A PART HEREOF.

PURCHASE ORDER PROVIS.IONS ARE REVISED
AS FOLLOWS:

ITE19 S OF BUYER'S LIST OF ATTACHMENTS
°- ZJ03 IS REVISED TO READ:

S. ATTACHMENT "A" - STATEMENT OF
WORK, REVISED 8-8-90.

AMOUNT OF ORIGINAL ORDER 16775.00

Provisions of the terms
Bdlinglnstructlons: RenderlnvolceslnTr,phcateto

and conditions specifically
Attention: Ac!,.unrc Payable

,nuoded herein by WHC
DonotlncludeWashingtonStateSalesTaxorcompensanngtaxintheprlce

are made a part of this
ofthfsorder (WashingtonStateReglstratlonNumberC-600-018-786)

order
Attach original bill of lading on all collect shipments and support all prepaid
freight chargeswlth the original paid freight bill

Attachment "C"

Westinghouse Hanford Company

nature Date

afa
36



54-9600-161(9f89) ^ Westinghouse Hanford CompanyWestinghoUse WHC-SD-ER-TRP-003A subsidiary of Westinghouse Electric
Hanford Company REV 0 Corporation

PURCHASE ORDER
P. O. Box 1970 Richland. Wa. 99352

;iAR U4C922 Telephone509r 376-6273

U.S. Government Contract No. DE-AC06-87RL10930 rotmppge.Ieuyerlnsem

Mo.Oayyr ppge InCurryNo. Tph'oso`yeri^d
CertlfiedUnderDPA.S

yendorCode
(' IVII".oND. 4

08 16 90 2 W-072554 D0-E 2 Reg.(15CFR350) S8290 it18H-SVV-072554

IMPORTANT

BECKWITH AND KUFFEL

OR

rerma N payment

nEM pU/Nrtry U M

S
e, >

(7)

C'

L*^

(17^

0.11e Oebrery Regmred.rt F D.E. pmm

codn ah^pvia

OESCRIpr10N

Confirming Order A Che6ed

MOD. NO. 1 NO CHANGE .00
NEW TOTAL AMOUNT 16775.00

BdlingInstructtons: Rendennvolceslntrlphcateto
Provisions of the terms Atte
andcondlnons specifically

Attention: Acaounts Payable

included herein by WHC
DonotlnctudeWashingtonStateSalesTaxorcompensatengtaxlntheprlce

are made a part of this
of this order. (WashtngtonStateReglstratlonNumberC-600-018-786)

order.
Attach original bill of lading on all collect shipments and support all prepaid

freight charges with the original paid freight btll,

Shnw Order No. on all pnckaqes.lnvnuev. and anrrespnndrnte Cumnlele
pa<bng liu muft actompiny each thipment. imlwe In prnpcny ulenvty -n

delay rerelut of yhipment and payment

SHIP TD: t. We.nnghnu.e Iwnferd Cumpany
rentr.Jl ne<e..... g
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Attachmrnt A to
P.O. MBH-SVV-072554

STATEMENT OF WORK FOR THE SINE PUMP FEATURE TESTS page 1 of 5

1.0 INTRODUCTION

Investigations have identified several methods for the removal of wastes

from 149 single shell waste tanks located at the Hanford Nuclear Reservation

in south eastern Washington. One of the potential methods identified is a

commercially available sine pump.

The completion of this testing will result in recommending retrieval methods
for future development. This document discusses and defines the tasks to
be performed to support the testing and evaluation of this technology.

2.0 OBJECTIVE

All feature testing shall be run with one pump a SINE, model SPS-50, using a

15 HP motor. The type A waste simulant ( see section 4.0) should be pumped

at 30 gpm at 125 psig and type B at 60 gpm at 125 psig. The suction head

can be varied to evaluate pump performance with the simulant by adjusting

the suction valve and reading the suction pressure gauge.

3.05OP

(7' The scope of this task is not to optimize parameters, but to evaluate the
cp, feasibility'of an "off the shelf" SINE pump to pump simulated sludge at

prescribed flow rates. Actual test results will be compared to seller
published statistical data.

r 4.0 TEST SIMULANT

^t 4.1 SIMULANT DEVELOPMENT
All testing shall be performed using waste simulant developed by
Westinghouse-Hanford Company ( WHC). The simulants are still in development
and may deviate slightly from the target values as indicated.

4.2 SLUDGE SIMULANT
The primary components of the sludge simulant will be bentonite clay,
gra.vel, water and barium sulfate ( a non-toxic, non-hazardous material). The

rock material will simulate sludge chunks. The physical size of the rock
will not be greater than specified in the vendor data. The criteria for the
sludge simulants are type A the highest density and viscosity and type B a
1:1 dilution of sludge type A. The physical property target values for the
two stimulants are as follows:

PROPERTIES TARGET VALUES DEVIATION
TYPE A TYPE B

BULK DENSITY ( g/ml) 1.6 1.3 ±159'.

VISCOSITY ( cp) 1.7 million 40 ±15%

revised 8-8-90
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4.3 SIMULANT PROVIDED
WHC will provide 4-30 gallon drums of simulant type A and B-30 gallon drums
of simulant type B .

4.4 SIMULANT RESPONSIBILITIES

4.4.1 BUYER RESPONSIBILITIES
WHC will be the generator of record for the simulant when it is declared a
waste product. The simulant will have•material safety data sheets (MSDS)
and will be classified non-hazardous when shipped to the seller. The used
test medium will be re-analyzed before disposal to reaffirm its non-
hazardous status.

4.4.2 SELLER RESPONSIBILITIES
The seller shall be responsible for the simulants while they are at the
seller's test site. This includes assuring that the materials are not
chemically contaminated, or replaced and the MSDS are maintained during this
period. If the simulants are altered, WHC will not assume disposal

o responsibility. Containers of waste simulant for this test shall not be
opened by the seller until ready for testing and shall be returned to the
buyer as received except for the addition of potable water used in cleaning

,.., the system.

4.5 TRANSPORTATION/CLEAN-UP
The test simulant will be shipped to the seller's facility, Seattle
Washington, just before testing. Each drum shipped will be labeled with a
MSDS.

Additional empty Department of Transportation (DOT) approved drums will be
sent for use in repackaging of the test simulant. After testing has been

a4 completed the simulants shall be cleaned out of the test equipment by the
seller. The simulants shall not be altered except for the addition of
potable water during the clean-up. The water addition shall be limited to
doubling the buyer's furnished test simulant volume.

The simulant shall be repackaged into buyer furnished DOT approved
containers and shipped by the seller to a location directed by WHC. WHC
will pay actual shipping costs.

5.0 DESCRIPTION OF TEST

5.1 TEST METHOD
Seller shall prepare a test procedure which, at a minimum, shall cover:
a. how testing will be run.
b. what data will be collected and how.
c. schedule for work scope in weeks from purchase order award to completion
of data 'summary.
d. detail information on and a schematic of the test loop.
e. detail information on pump to be tested.

revised 8-8-90
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5.2 TEST SET UP
The seller's test loop shall, at a minimum, have:
a. discharge pressure indicator.
b. a method of measuring pressure/ head loss between
method of varying head loss.
c. suction pressure indicator.
d. a method of varying head loss.
e. a method of varying suction head.
f. a method of measuring flow rate.
g. a way of loading and supplying the test loop with

Attachment A to
P.O. MBH-SVV-072554

page 3 of 5

pump discharge and the

simul ant.

Attachment A provides the flow schematic which covers the above listed
requirements.

5.3 RECORDING PARAMETERS
The following values shall be recorded by the seller during the feature
testing:
a. Line pressure at suction of the pump.
b. Line pressure at discharge of the pump.
c. Line pressure at discharge of the pump loop immediately upstream of the
control valve.

w--.' d. Flow rate of the system.
e. Motor horsepower.

^ f. Pump revolutions per minute.
g. Pump and loop leakage (visual).
h. Simulant temperature.

tk^ i. Voltage reading at the motor.
J. Amps draw at the motor.
The seller should test and record any other parameter they deem pertinent
at no additional cost to the buyer.

During each test run the seller shall provide an in plant, on-site SINE Co.
field engineer to support the total test program.

In the first test run each simulant shall be tested by the seller at 125 psi
discharge pressure and a prescribed discharge flow rate (see section 2.0).
The first test run shall vary the suction pressure from no restriction to a
minus 10 psi in 2 psi intervals or until the pump stops pumping whichever
comes first.

The second test shall vary the pump RPM from zero to the maximum RPM in 50
RPM steps and record data per section 5.3 . This is to be done with each
simulant at a fixed discharged pressure of 125 psi.

In order to ensure the validity of testing, that it relates with other
seller testing and to ensure a statistical value to the test, each of the
tests shbuld be done a minimum of three,times.

revised 8-8-90
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6.0 MANPOWER REQUIREMENTS

The seller shall provide all equipment, material (except simulant), SINE
factory engineer for on site test support and other manpower as required to
perform the testing program.

WHC personnel will observe th e testing and act as witnesses for data
verification and will record test activities using a video c amera and
photographic equipment.

7.0 REPORTING

A data summary for the featur e testing shall be compiled by the seller in
support of test activities. The data summary shall be in th e form of a
letter report. The summary sh all include all parameter data requested in
support of this test, as well as any observations witnessed during testing.
Additional information within the summary should be limited to general notes

C"• discussing test outcome, suggestions for improvement and tes t conclusions.
The limited scope of the feat ure testing does not require a full, in-depth
test report.

Data included in the report shall also be accompanied by the method by which
the value was obtained. i.e. direct measurement, calculatio n ( include

^ equation), etc. The accuracy of the recorded data shall also be included.
^.

8.0 SAFETY

The seller shall insure that all activities pertaining to th e preparation,
completion and disposition of these activities shall be in accordance with
local, state and federal codes, regulations and guidelines.R i

_ 9.0 MILESTONES

-- ACTIVITIES COMMITMENT RESPONSIBLE
DATE ORGANIZATION

Test Procedure Submittal August 3 Seller
Ship Simulant to seller August 10 WfiC
Test Procedure Approval August 10 WHC
Start Testing August 20 Seller
Finish Testing August 31 Seller
Data Summary Submittal September 7 Seller
Ship Simulant to WHC September 7 Seller
Data Summary Approval September 14 WHC

All activities pertaining to this statement of work must be completed on or
before September 14, 1990. .

revised 8-8-90
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1.0 INTRODUCTION

The Westinghouse Hanford Company (WHC) is investigating methods for the
removal of waste from 149 single shell waste tanks located at the Hanford
Nuclear Reservation. One of the potential methods identified is the Sine
Pump.

This test will give WHC the information necessary to evaluate the
feasibility of the Sine pump as a method for waste retrieval.

2.0 OBJECTIVES

The test must show that the Sine pump can meet the prescribed target
specifications:

Pump type-A waste simulant at 30 GPM at 125 psig.

Pump type-B waste simulant at 60 GPM at 125 psig.

''0 3.0 SCOPE

The scope of this test plan is not to optimize parameters, but to test
the ability of the Sine Pump to pump simulated sludge at prescribed flow
rates. This test will also compare actual results to statistical data.

^

CI' 4.0 DESCRIPTION OF TEST

4.1 Test Item - Sine Pump, Model SPS-50
^,.

4.2 Test Location - The testing will be executed at:
-.,

Beckwith and Kuffel, Inc.
5930 1st Ave. South
Seattle, WA 98108

4.3 Eouioment and Facilities - The quantities and consistencies of the
simulant wastes are as follows:

Simulant Type-A: Sludge, 4 - 30 Gallon drums
Simulant Type-B: 1:1 dilution of Type-A, 8- 30 Gallon drums

The simulant waste will be provided by WHC.

The rate of wear of the pump software is unknown for the materials
being pumped. The testing will require that spare software parts
be available. (2 sets)

4.4 Instruments and Calibration

The test loop will be checked by running water through it to
insure the proper function of the constituents.
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The test loop is shown in Figure 1.

The loop consists of the following instruments:

1. Pump suction pressure gauge
2. Pump discharge pressure gauge
3. Flow control valve
4. Pressure gauge upstream of control valve
5. Temperature gauge
6. Motor starter and variable speed adjustment
7. Voltage reading across motor
8. Amps drawn by motor
9. Diverter valve

10. Suction control valve
11. Scale (2,000 lbs)

N

C^

^.•k

^- -

0%

4.5 Simulants / Flow Rates \
Density Vo lumetric Mass Viscosity Volume
(g/ml) (GPM) (lbm/min) (cp) (gal)

(+/-15Ye) (+/-15Y) (+/-15Y)
Type-A 1.6 30 400 1,700,000 120

Type-B 1.3 60 650 40 240

5.0 TEST PROCEDURE

5.1 Test Method : The pump wi ll be driven by a 15 HP motor for all
tests. The pump suction head can be varied by adjusting the
suction valve and reading the suction pressure gauge. The
discharge pressure head can be adjusted by the flow control valve.
A schematic of the test loop can be seen in Figure 1. Each test
objective will be tested a minimum of three times. The pump
suction pressure will be varied from no restriction to minus 10
psi in 2 psi increments or until the pump stops.

5.2 Procedure :

1. Fill out the data sheet header.
2. Calibrate the scale (98) with the dry catch tank.
3. The line from the diverter valve C to the catch tank should be

primed with simulant. (depends on length)
4. Close the loop with the diverter valve C.
5. Open the suction valve A completely.
6. Open the flow control valve B completely.
7. Start the motor and adjust the speed (16) to approximately 600

RPM.
8. Adjust valve B until the pressure gauge #3 reads 125 psi.
9. Adjust the pump speed back to 600 RPM (#6).

10. The pump speed #6 and discharge pressure head #3 may need to be
adjusted several times by valve B to meet the 125 psi and 600
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RPM condition.
11. Read the voltage drop across the motor from #4.
12. Read the amperage drawn at the motor from #5.
13. Read pressure gauge #1.
14. Read pressure gauge #2. ( should read >125 psi)
15. Read pressure gauge #3. (should read >125 psi)
16. Check for leakage from the pump or loop.
17. Record the temperature of the simultant from gauge #9.
18. Divert the simulant to the scale #8 for a prescribed

time ( in accordance to the mass flow rates given in'
section 4.5) by the diverter valve C. Then divert
it back to the loop.

19. Record the mass of the simulant in the catch tank #8 and the
time elapsed to flow the material into the catch tank #7.

20. Empty the contents of the catch tank back into the hopper.
21. Determine if the pump needs inspection according to Section

6.3.1.
22. Adjust the suction valve A until the pressure gauge #1 reads

-2 psi.
23. Repeat Steps 8 through 21 for every - 2 psi increment of the

C"` suction gauge #1 until the suction is -10 psi or the pump stops
pumping.

" 24. Adjust the pump speed #6 down to zero RPM.
25. Increase the pump speed #6 by 50 RPM increments up to the

maximum speed while keeping the discharge pressure at 125 psi.
C77 26. At each 50 psi increment repeat steps 11 through 21.

27. Take a sample of the simulant, lable it, and record the number
^..* on the data sheet.

28. This procedure should be repeated 3 times for each simulant.
s.^

6.0 MAINTENANCE AND FAILURES

a 6.1 PUMP PARTS TO DISASSEMBLE

Hardware - Front Cover
- Shaft Nut

^ - Rotor
Scraper Gate Guide

Software - Front and Rear Liners
- Scraper Gate
- Scraper Gate Support
- Lip Seal Housing
- Shaft Sleeve

6.2 DISASSEMBLING INSTRUCTIONS

1. Remove front cover nuts
2. Remove front cover
3. Remove scraper gate support
4. Remove front liner
5. Remove shaft nut
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6. Remove rotor with scraper gate assembly
7. Remove rear liner
8. Remove shaft sleeve
9. Remove lip seal housing

6.3 INSPECTION

CY%

^--

^

ptis

^•

m;l

1>

6.3.1 Inspection of the Sine Pump parts will occur under the
following conditions.

1. Before testing begins, to make initial measurements and
observations

2. The test procedure has been successfully executed for an
entire simulant type

3. The pump stops pumping
4. Under other conditions in which the testing engineers deem

it necessary

6.3.2 The following observations/measurements should be taken
during each inspection and recorded on data sheet.

1. General overall observation of wear on parts (hardware and
software)

2. Micrometer measurements of the width of the scraper gate
slot

3. Micrometer measurements of the width and thickness of the
scraper gate

4. Measurements of the front and rear liner dimensions that
are subject to wear

5. Measure wall thickness of scraper gate support
6. Measure wall thickness of lip seal housing

6.3.3 If the pump stops or wear is substantially affecting the
performance of the pump then the pump software may need to
be replaced. Replacement will occur:

1. The pump stops functioning as a result of wear.
2. The performance of the pump is so obviously affected by wear

that the data taken is unusable.

7.0 WITNESSES

A representative of WHC will witness and record the entire test
procedure.

8.0 CSHEDULE
ACTIVITIES COMMITMENT

DATE
August 10
August 20
August 31
September 7
September 7
September 14

Test Procedure Approval
Start testing
Finish testing
Data summary submittal
Shipping Simulant to WHC
Data summary approval
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Figure 1. Test loop for Sine pump feature testing.
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DATA SHEET

TEST ITEM: ^uDcjS T

^90DATE: 87/.2-S1
-.

TEST ENGINEERS: . oSo^r,e£s

./Z^F.

Page / of /

SIMULANT TYPE:

TEST RUN NUMBER:

SIMULANT SAMPLE NUMBER:

NOMINAL
SUCTION 0 - 2 -4 -6 -8 -10
(psi)

PRESSURE
GAUGE 1
(PS

)

PRESSURE
GAUGE 2
(psi)

PRESSURE
GAUGE 3
(PSi)

MOTOR
VOLTAGE 4

(V)
/sQ

MOTOR
AM(AERAGE 5

MOTOR
(PEE, 6
(RPM)

^,^.o ,3GG 375' 37^. 3S•^

DIVERSION
TIME 7
(SECS) ^

O O

DIVERTED rS9•2^ ^^5:8} <G3•G <86•a) r7a• 7) ^'`/^•7
MASS 8
(lbm) / O

SIMULANT

(F) ^
r'fOo

Ztf^m elo. 0 8 3o./ G .3o.iG 3.Z.i7 az9•^'^ "?

Exhibit B-1-1
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DATA SHEET

TEST ITEM: Si c..DSE ^.^,uc,r vY

DATE:
9712o

TEST ENGINEERS: ^oTa .e a

Page L of 2.

SIMULANT TYPE: &

TEST RUN NUMBER: a- /

SIMULANT SAMPLE NUMBER:

PUMP
SPEED 50 100 150 200 250 300
(RPM)

PRESSURE
GAUGE I
(psi)

PRESSURE
GAUGE 2 - -- ^^ -
(psi)

PRESSURE
GAUGE 3 ^-
(PSi)

MOTOR
VOLTAGE 4 --- l.7- a p 3 0 ^0

(V)

MOTOR
AMPERAGE 5 ^p

(A)

MOTOR
SPEED
(RPM)

6
7-S7 3O^

DIVERSION
TIME 7
(SECS)

-^ /0 / O / O

DIVERTED 9. ^-^ (1.9. /) C87. 3)
MASS 8
(lbm) /S-S 8 Z

SIMULANT
T (F, . 9 75

:3 /,/P ..26S .;r(;, M /.07 3^

Exhibit B-1-2
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DATA SHEET

TEST ITEM:

DATE: 8^^Z8 ^9D

TEST ENGINEERS:

Page .2 of _.2,

SIMULANT TYPE: ^

TEST RUN NUMBER: iz' --^

SIMULANT SAMPLE NUMBER:

PUMP
SPEED 350 400 450 500 550 600
(RPM)

PRESSURE
G U i I)(P

s

PRESSURE
GAUGE 2 -- --^ ^- --^•
(psi)

PRESSURE
GAUGE 3
(PSi)

MOTOR
VOLTAGE 4

_

\Y)

MOTOR
AMPERAGE 5

--(A)

MOTOR
SPEED

6 3S / ^o-!3 ^fSO .SoO(RPM)

DIVERSION
TIME
(SECS)

7 O

DIVERTED (#.2•4^ <S^.s^ L9^•9) ^/^3.9^
MASS 8
(lbm) c/a o

SIMULANT
TEMP. 9 S 3°

Q

S° S^' -+ _
(F)

G

9167 ^a^35
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DATA SHEET

In

e^-

^

^.,

i1'+

cr^

Page/ of__L

TEST ITEM: smE ^i.srda.a,vT SIMULANT TYPE: ^-^.-

DATE: 9/.2 5Z9 O TEST RUN NUMBER: ^-- 37 -7

TEST ENGINEERS:

y^.^uFr

d/. ^/4•iNNF.2.

SIMULANT SAMPLE NUMBER:

NOMINAL -
SUCTION 0 -2 -4 -6 -8 -10
(psi)

PRESSURE
GAUGE 1
(Psi)

tb a

PRESSURE
GAUGE 2 - ^• -^' -- -- --^
(psi)

PRESSURE
GAUGE 3 ^. --' -^ -r ^-
(PSi)

MOTOR
VOLTAGE 4

(V) T I 7

MOTOR
AMPERAGE 5 4/0 -• /,

T
/^

(A)

MOTOR
SPEED 6
(RPM)

DIVERSION
TIME 7
(SECS)

DIVERTED ^^7, 7^ l?,/ S) ^aZ•^ ) ^S,S) ^Z/•o^
MASS 8
(lbm)

SIMULANT
TEMP. 9
(F) 130° 66 Sa^ ^OS^

-a 174 ^p
a.ZG • 2. 7 .24• a 7 ,17 9..2/ .,?7^/ e?G.27

Exhibit B-2-1
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DATA SHEET Page L of Z

TEST ITEM: ^.c.d.aC ^ 1-5-.41, cicka ,v T

DATE: ^39,f90

TEST ENGINEERS: F-5

pa.= <

^^PAY)

SIMULANT TYPE: 73

TEST RUN NUMBER: ^' -

SIMULANT SAMPLE NUMBER:

PUMP
SPEED 50 100 150 200 250 300
(RPM)

PRESSURE
GAUGE 1 -"- 0 " - 0 ---
(psi)

PRESSURE
GAUGE 2 -^. `_ -^' -- ---•
(psi)

PRESSURE
GAUGE 3
(psi)

MOTOR
VOLTAGE 4

(V)

MOTOR
AMPERAGE 5

(A)

MOTOR
6SPEED

R
0

PM )(

DIVERSION
TIME 7
(SECS)

0

DIVERTED <30.'/^ (S9o^ ^^ `\
MASS 8
(lbm)

SIMULANT
TEMP. 9
(F)

, 3o .80 .^IdA .(^i

Eahibit B-2-2
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DATA SHEET

TEST ITEM: -5<</b!;g ,uT

DATE: Za !2 ^'i

TEST ENGINEERS: 7.^ ui.eE S

^. )YdrF

6L211.".vs.C:

Page ? of ^

SIMULANT TYPE:

TEST RUN NUMBER:

SIMULANT SAMPLE NUMBER:

PUMP
SPEED 350 400 450 500 550 600
(RPM)

PRESSURE
GAUGE I
(psi)

PRESSURE
GAUGE 2 -'
(P51)

PRESSURE
GAUGE 3

(psi)

MOTOR
VOLTAGE 4

(V)

MOTOR
AMPERAGE 5

(A)

MOTOR
SPEED 6 ^` rt 7
(RPM)

DIVERSION
TIME 7
(SECS)

DIVERTED
MASS 8
(lbm)

SIMULANT
TEMP. 9
(F)

!3 h/;p as. 3 V
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DATE: ^30 /yc7

TEST ENGINEERS:

^.^urF
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Page/ of_,I-

SIMULANT TYPE: 53

TEST RUN NUMBER: ;P-51

SIMULANT SAMPLE NUMBER:

NOMINAL
SUCTION 0 - 2 -4 -6 -8 -10
(psi)

PRESSURE

G^PSE) 1

PRESSURE
GAUGE 2 ^-- ^ -- -- - ^-.
(psi)

PRESSURE
GAUGE 3
(psi)

MOTOR

VO(VjGE 4 ,I/O

MOTOR
AM(AERAGE 5

'T

+dO

MOTOR
SPEED
(RPM) 6 o- 3 SE.L . ^ ^ /

DIVERSION
TIME 7
(SECS)

DI
ED

C/7 7) 5(̂ 3.^ ^^.%J ^/9•^1 (!i9.Z, ^i5.s^
MASS 8
(lbm)

CIS
SIMULANT

T^MF) . 9

Z.-z/P o2s 34/ a4•a7 a7-a/ ,;7 1/ a27,2/ a4•Z7
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DATA SHEET

TEST ITEM: ^tu^^^ ^limy^ ► vT

DATE:iS^^^

TEST ENGINEERS:

o/. ^4rr+.v £.Q

Page / of ?

SIMULANT TYPE: 73

TEST RUN NUMBER: 7^;?- =t

SIMULANT SAMPLE NUMBER:

PUMP
SPEED 50 100 150 200 250 300
(RPM)

PRESSURE
GAUGE 1
(psi)

PRESSURE °
GAUGE 2
(psi)

PRESSURE
GAUGE 3
(psi)

MOTOR
VO^V,GE 4 ^

D ^^o

MOTOR
AMPERAGE 5(A)

MOTOR
SPEED 6
(RPM) o S

DIVERSION
TIME 7
(SECS) IO / D

DIVERTED
MASS 8
(lbm)

SIMULANT
TEMP. 9 -^^
(F)

3,41P /, 3^ ^70. y/
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TEST ITEM:

DATE: ^'i a

TEST ENGINEERS:

^ •^u,^ ^
,D . ^Rin.vL^

aw?
14.141 So. 7(,

Page A= of ?

SIMULANT TYPE:

TEST RUN NUMBER:

SIMULANT SAMPLE NUMBER:

PUMP
SPEED 350 400 450 500 550 600
(RPM)

PRESSURE
GAUGE 1
{PS

)

PRESSURE
GAUGE 2 --- -' ^" --
(Psi)

PRESSURE
GAUGE 3
(Psi)

MOTOR
VOLTAGE 4

18s^ /S'O / 7 p ^ 8:-b(V)

MOTOR
AMPERAGE 5

(A)

MOTOR
SPEED 6

s-00(RPM)

DIVERSION
TIME 7
(SECS) 0

DIVERTED ^3/, v) ^S(^ . Jr^ C73. o^ ('/`G• ^^
MASS 8
(lbm)

SIMULANT
TEMP. 9 -^ _
(F}

60



.^•^

^

:s+

(cf pm)

WHC-SD-ER-TRP-003
REV 0

DATA SHEET

TEST ITEM: .c.L'a52F-c.5i.2091'4..r,,. 7-

DATE: _ i ^10

TEST ENGINEERS:

^. Ca»..,^.se

Page _L of /

SIMULANT TYPE: 2tf

TEST RUN NUMBER: _lie-

SIMULANT SAMPLE NUMBER:

NOMINAL
SUCTION 0 -2 -4 -6 -8 -10
(psi)

PRESSURE
GAUG

1

PRESSURE
GAUGE 2 ^-
(psi)

PRESSURE
GAUGE 3
(psi)

MOTOR
VOLTAGE 4

(V)
MOTOR

AMPERAGE 5

/ (0 0
!
70

MOTOR
SPEED 6
(RPM)

DIVERSION
TIME 7
(SECS)

DIVERTED /;,/5 ^MASS 8 !

(lbm)

SIMULANT
TEMP. 9
(F)

-&^/P J,;Z.17 S-2.17 35!/8
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Page Lof,2

SIMULANT TYPE:_^

TEST RUN NUMBER: ^ - ^

SIMULANT SAMPLE NUMBER:

PUMP
SPEED
(RPM)

50 100 150 200 250 300

PRESSURE
GAUG

1 O 0 16P o /oZo2-

PRESSURE
GAUGE 2
(psi)

PRESSURE
GAUGE 3
(psi)

MOTOR
VO(^,GE 4

76-

GD

MOTOR
AMPERAGE 5

/ ^P ( 70 7O
MOTOR
SPEED
(RPM) 6 ^D.S^ ^S3 ^ 7 I oZ 7^'f ^OeL

DIVERSION
TIME
(SECS)

7
/0 ^Q /a

DIVERTED (/8•5QMASS 8
(lbm) L7/ ^ ^ Gf

SIMULANT
T(M'. 9

F g.Jo co, 7/7

0i!p •^.5^ /.34 '7 2^, 7 5` S• y>'
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TEST ENGINEERS:^^^^ eE s
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Page .2 of 2

SIMULANT TYPE: ;09-

TEST RUN NUMBER: A - /

SIMULANT SAMPLE NUMBER:

PUMP
SPEED 350 400 450 500 550 600
(RPM)

PRESSURE
GAUGE I

4/07 4^
(P57)

PRESSURE
GAUGE 2 ^- -"
(psi)

PRESSURE
GAUGE 3 ----
(psi)

MOTOR
VOLTAGE 4

(V)

MOTOR
AMPERAGE 5 7s /J O(A)

MOTOR
SPEED 6

O3S ^QU(RPM)

DIVERSION
TIME 7 ^Q /0
(SECS)

DIVERTED ^s-^• 7) (42..
MASS 8
(lbm) /

SIMULANT
T(fj. 9

r- /0. 7 .33. / 8
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TEST ENGINEERS:
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Page L of -/

SIMULANT TYPE: 14-

TEST RUN NUMBER: ^41.2_

SIMULANT SAMPLE NUMBER:

NOMINAL
SUCTION 0 - 2 -4 -6 -8 -10
(psi)

PRESSURE
GAUGE

I(psi)

PRESSURE
GAUGE 2
(psi)

PRESSURE
GAUGE 3 --- ^
(psi)

MOTOR
VOLTAGE 4 /^O

_

/60 /S-O

MOTOR
AMPERAGE S l/_ O

! ^P
/ Qv
u 1' O(A)

MOTOR
SPEED 6

0(RPM) T

DIVERSION
TIME
(SECS) 7

DIVERTED Z) (3o.L^ ^37 3/
MASS 8
(lbm

SIMULANT
T(Fj. 9

a o

&yp 3^. i 7 3G •^ 9 ^^• i 8
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TEST ENGINEERS: ,e S

Page / of 2

SIMULANT TYPE: _

TEST RUN NUMBER:_^

SIMULANT SAMPLE NUMBER:

PUMP
SPEED
(RPM)

50 100 150 200 250 300

PRESSURE
G(UPSE) 1 D

PRESSURE
GAUGE 2 -- ^ -- .^.
(psi)

PRESSURE
GAUGE 3
(psi)

MOTOR

VO(V^GE 4
56

6O -7s
^O

MOTOR
AM(AERAGE 5

/

S QD

UMOTOR
SPEED 6
(RPM) 6

GG

DIVERSION
TIME
(SECS)

7
/0 ^O ^O

DIVERTED (j^.3^ ^:^•y^ 7^f.o^
MASS 8
(lbm)

SIMULANT
TEMP. 9(F)
Zyp 6,3 (0.S
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TEST ITEM:^^a< d^^rd^.a.vT

DATE:

TEST ENGINEERS:

Page =:z of 2

SIMULANT TYPE: 14

TEST RUN NUMBER: !d -02..e

SIMULANT SAMPLE NUMBER:

PUMP
SPEED 350 400 450 500 550 600
(RPM)

PRESSURE
G E I

_
^^PS )

vPRESSURE
GAUGE 2
(psi)

PRESSURE
GAUGE 3
(psi)

MOTOR
VOLTAGE 4

(V)

MOTOR
AMPERAGE 5 J 7D / Q D

C^(A)

MOTOR
SPEED 6 `/ -^j J?88
(RPM) /

DIVERSION
TIME 7
(SECS)

DIVERTED
MASS 8
(lbm) /

SIMULANT
TEMP. 9
(F) 77

f

&,L/ p 35! i S 31 S/
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TEST ITEM: LA,bgf

DATE: gg/--q/ /9en

TEST ENGINEERS:_7^^ ,^..e as

SIMULANT TYPE: 4

TEST RUN NUMBER: el ^ 3

SIMULANT SAMPLE NUMBER:

NOMINAL
SUCTION 0 -2 -4 -6 -8 -10
(psi)

PRESSURE
GAUG

1 ^.^J l02^b

PRESSURE
GAUGE 2
(psi)

PRESSURE
GAUGE 3 .^-
(psi)

MOTOR
VO(V^GE 4

MOTOR
AMPERAGE 5

(A) 160 170 I8o
MOTOR
SPEED
(RPM) 6

DIVERSION
TIME 7
(SECS) /0 !

DIVERTED
`MASS 8

(ibm) 3 8 ^^

SIMULANT
TEMP. 9
(F)

^^p J.2.•8 33.3.2 ^^..y
Exhibit A-3-1
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TEST ITEM:^^acF ^i.NV^ a.^.T SIMULANT TYPE: 141'.

DATE:
R7/3 Z71 f

D TEST RUN NUMBER: A- 3

CO)

n.. ,

• r,

4A

Cf`

TEST ENGINEERS:^̂ u.,eEs

SIMULANT SAMPLE NUMBER:

PUMP
SPEED 50 100 150 200 250 300
(RPM)

PRESSURE
GAUGE 1

i(ps )

PRESSURE
GAUGE 2 ^- -`- --^
(psi)

PRESSURE
GAUGE 3
(psi)

MOTOR
VOLTAGE 4 s"O

_
,^^ /.?S(V)

MOTOR
AMPERAGE 5

-70 16Q(A)

MOTOR
SPEED 6 1,^5' ^Ot^ ' S' ,507(RPM) /

DIVERSION
TIME 7 /^

/0(SECS)

DIVERTED (/7.5') (/37•7)
MASS 8

(1 bm)

SIMULANT
TEMP. 9
(F)

--^
1?3

° r-- / ^ °/
/

i
;;^r4/

.^Vf
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TEST ITEM: uibSs^^nre/^svT SIMULANT TYPE: Z4

DATE: 90 TEST RUN NUMBER: 4 -8

G"*

^

t.?

,ry

C7%

ty7M)

TEST ENGINEERS: zev;^&&, er, s

R,w/if:2 SIMULANT SAMPLE NUMBER:

PUMP
SPEED 350 400 450 500 550 600
(RPM)

PRESSURE
GAUGE 1
(psi)

PRESSURE
GAUGE 2
(psi)

PRESSURE
GAUGE 3
(psi)

OVOLTAGE 4
(V)

MOTOR
AMPERAGE 5 /8 Q /80

(A)

MOTOR
SPEED 6
(RPM) 7 f

DIVERSION
TIME 7
(SECS)

DIVERTED (#4 .9^
MASS 8

( l bm) /O 3

SIMULANT o e
T(F;. 9

^ ^
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ADDENDUM

It should be NOTED that on Tuesday morning, September 4, 1990, it was
discovered that several phases of the subject test were run with the
scrapergate inserted backwards in the pump.

The engineering department at SINE Pump was contacted immediately with
= inquiry as to what effects, if any, this incorrect part placement might

have upon pump performance and test results obtained.

Immediately following is a copy of a letter provided by SINE Pump
detailing the effects of improper part orientation.
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DIVISION OF THE KONTPfO,ICOMPANY, INC.

Mr. Bob Fowler
Becxwith & Kuffel
East Washington
302 Torbett, Suite #224
Richland, WA 99354

WHC-SD-ER-TRP-003
REV 0

TELEPHONE, (508) 544•8011
TELEX 82•6431

FAX.1506) 544•a000

500V+ESTRIVER?.TREET P.O. BOX240 ORANCiE, MA01364

September 4, 1990

Dear Mr. Fowler,

tI

.^,•

lY'

-,,

Sine Pump wishes to share our experience from lab tests and
field applications in regards to the proper orientation of the
Sine Pump scrapergate.

The scrapergate component of the Sine Pump is marked with a(S[.)
or (SR) to ensure the proper orientation of suction left of
suction right. The design of the scrapergate and the
scrapergate guide, also marked in the same manner, offers
maximum performance when orientation is in relation to the
suction port of the Sine Pump as viewed from the front cover.

The Sine Pump will operate if the scrapergate orientation is
incorrect, however, when transferring a water-like product, a
10-20% performance loss may occur. This is most apparent when
discharge pressures are present.

When trans£erring viscous products above 200 cps, performance
loss is most often negligible and may not be visible in loss of
flow or pressure capabilities.

The Sine Pump will operate in the reverse direction without
damage to internal software components or power end bearings.
If an application requires reverse operation or a Sine Pump is
operated with the scrapergate oriented incorrectly and
performance loss is noticed, simply change the scrapergate and
guide to match the suction port from the front view and resume
operation.

We hope this will help to troubleshoot the Sine Pump in your
existing and future applications. Always feel free to contact
our sales engineering department or technical service department
with any questionz.

Sincerely,

SINE PUMP

s^
50Frank ul.et

FG/llb
Sligs Engineer
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